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ABSTRACT
Cancer ranks as the second leading cause of  mortality in Europe, following cardiovascular diseases. Every year, 2.6 
million people are diagnosed with this disease, and 1.2 million die. It has an impact not only on individual health but 
also on society and the economy. The survival rate has improved with the introduction of  new diagnostic methods 
and anti-cancer chemotherapy. While more aggressive chemotherapeutic regimens and combination therapies have 
demonstrated efficacy against cancer cells, they also have detrimental effects on normal cells, leading to systemic and 
ocular adverse reactions associated with cytotoxicity, inflammation, and neurotoxicity. Consequently, we have an in-
creased survival rate, but the appearance of  these ocular adverse effects decreases the quality of  life. Ocular toxicity 
induced by chemotherapeutic agents is often underestimated. While prevention may not be possible, proper manage-
ment by an ophthalmologist, an integral part of  the oncology patient's medical team, is crucial. The ophthalmologist 
should assess the patient before initiating chemotherapeutic treatment and continue monitoring throughout to iden-
tify any adverse ocular reactions resulting from the systemic chemotherapy. This article aimed to briefly highlight the 
adverse reactions occurring at the ocular surface in patients undergoing chemotherapeutic treatment. Fortunately, 
these ocular side effects are limited only to the period in which the chemotherapeutic treatment is done, with most of  
them disappearing a few weeks after stopping the treatment. 
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INTRODUCTION

Systemic chemotherapeutic treatment can cause damage to 
various organs, including the heart, lungs, central nervous sys-
tem, bones, and bone marrow [1]. With the emergence of  more 
aggressive and combination chemotherapeutic therapies for dif-
ferent stages of  cancer, there has been increased recognition of  
ocular adverse reactions [1]. Many chemotherapeutic drugs have 
ocular toxicity, resulting in various secondary ocular reactions, 
which are attributed to the unique physiological and anatomi-
cal characteristics of  the eye. The ocular surface must maintain 
constant homeostasis for proper functioning [1]. For combined 
chemotherapeutic therapies, it is difficult to determine which 
agent produced a certain ocular adverse effect; therefore, these 
ocular adverse effects are under-reported. This article provides 
an overview of  chemotherapeutic agents commonly used in on-
cological patients, which can produce adverse reactions on the 
ocular surface. 

1. Alkylating agents  

These drugs act by substituting hydrogen atoms in some or-
ganic compounds with alkyl groups [1]. Oxaliplatin is used to 
treat locally advanced pancreatic cancer or metastases, advanced 
esophageal cancer, advanced ovarian cancer, relapsed non-Hod-
gkin's lymphoma, palliative treatment of  testicular cancer, and 
advanced colon and rectal cancer. Studies have reported hyper 
lacrimation, conjunctivitis, decreased visual acuity, and narrow-
ing of  the visual field as ocular side effects of  this medication [2, 
3].

Cyclophosphamide is used as monotherapy or in combination 
with other antineoplastic drugs for the treatment of  leukemias, 
malignant lymphomas, solid malignant tumors with or without 
metastases (such as breast cancer, testicular cancer, small cell lung 
carcinoma, neuroblastoma, Ewing's sarcoma). Ocular manifes-
tations such as keratoconjunctivitis sicca, blepharoconjunctivitis, 
and reversible epiphora have been observed in patients treated 
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with cyclophosphamide, particularly those with breast cancer [3-
6]

Ifosfamide is a chemotherapeutic drug used to treat several 
types of  cancer, such as bladder cancer, ovarian cancer, small cell 
lung cancer, and osteosarcoma. Some patients have experienced 
visual disturbances and conjunctivitis [7].

Busulfan infusion has been associated with keratoconjunctivitis 
sicca in patients undergoing treatment for chronic myeloid leuke-
mia and other myeloproliferative diseases [5, 8].

2. Antimetabolites  

5- Fluorouracil (5-FU), a fluoropyrimidine analog, is a widely 
used chemotherapeutic agent for skin, gastric, intestinal, cervical, 
breast, and head and neck cancers. Studies have documented its 
association with epiphora due to canalicular stenosis [6, 9].

Capecitabine, used for colorectal cancer, gastric cancer, and 
breast cancer, often in combination with docetaxel, has been re-
ported to cause adverse reactions on the ocular surface, including 
decreased visual acuity, corneal deposits, eye irritation, tear duct 
stenosis, conjunctivitis, and blepharitis [10].

Methotrexate, a chemotherapeutic and immunosuppressive 
agent, is utilized for various cancers and autoimmune diseases. 
It can be administered either orally or parenterally. It is an an-
tagonist of  folic acid. Its effectiveness has been proven in treating 
breast cancer, head and neck cancer, osteosarcoma, acute leuke-
mia, and others. Ocular surface toxicity, such as decreased lacri-
mation reflexes [5], optic nerve and retinal changes, conjunctivi-
tis, photophobia, cataracts, and excessive lacrimation, has been 
associated with methotrexate use [5, 11, 12].

Pemetrexed, administered intravenously, is used as monother-
apy for advanced or metastatic non-small cell lung cancer or in 
combination with cisplatin for unresectable malignant pleural 
mesothelioma. Studies have reported that 1% to 5% of  patients 
experienced increased lacrimation and ocular surface conditions, 
including conjunctivitis, as adverse reactions to pemetrexed [13].

Similarly, pentostatin, a purine analog, is used to treat chronic 
lymphocytic leukemia cutaneous and T-cell lymphoma. Howev-
er, it is important to note that adverse reactions on the ocular 
surface, such as epiphora, conjunctivitis, and dry eye, have been 
observed in patients receiving pentostatin therapy [14].

3. Mitotic inhibitors  

Paclitaxel and Docetaxel are members of  the taxane family 
and are commonly used in the treatment of  various cancers. 
Docetaxel is frequently utilized for locally advanced breast can-
cer with or without metastases, non-small cell lung, gastric, pros-
tate, and head and neck cancer [15-17]. Docetaxel increased the 
survival rate in patients with advanced breast cancer. Several 
authors described the occurrence of  narrowing and/or obstruc-
tion of  the nasolacrimal canaliculus in breast cancer patients 
undergoing docetaxel treatment [18-20]. Additionally, studies 
have shown that epiphora (excessive tearing) is more prevalent in 
patients receiving weekly docetaxel treatment compared to those 
on a three-week treatment schedule [21, 22].

Vincristine and vinblastine act by inhibiting metaphase and 
impeding the development of  the mitotic axis. These drugs are 
recommended in combination with other antineoplastic agents 
for the treatment of  Hodgkin's disease, non-Hodgkin malignant 
lymphomas, Ewing's sarcoma, malignant melanoma, breast can-
cer, neuroblastomas, and rhabdomyosarcomas. These are ad-

ministered only intravenously, and the neurotoxicity is directly 
proportional to the administered dose [23, 24].

4. Antibiotics  

Doxorubicin, an anthracycline antibiotic, is commonly em-
ployed with other chemotherapeutic agents for treating various 
cancers, including ovarian cancer, non-Hodgkin's lymphoma, 
sarcoma, breast cancer, and acute leukemia. Ocular surface side 
effects frequently observed with doxorubicin treatment include 
conjunctivitis and epiphora (excessive tearing) [25].

5. Hormonal agents  

Hormone therapy with Tamoxifen is commonly employed in 
the adjuvant setting or for metastatic breast cancer. There have 
been reported cases of  keratopathy on the ocular surface since 
1987 [26, 27]. Additionally, Tamoxifen has significant side effects 
on the optic nerve, retina (retinopathy), and lens (cataracts) [27].

6. Monoclonal antibodies  

Rituximab is indicated in three different diseases, namely in 
non-Hodgkin’s lymphoma (alone or in combinations with other 
drugs), chronic lymphocytic leukemia (the most common form 
of  leukemia in adults) and rheumatoid arthritis (in cases where 
other treatments have been ineffective or insufficient). Rituximab 
is an antibody directed against the CD 20 antigen on the surface 
of  cell B [28]. In the USA, the drug is also used in treating vulgar 
pemphigus, some vasculitis, and in children, it is used in treating 
Burkitt's lymphoma but also acute B-cell leukemia [28]. Adverse 
effects on the ocular surface associated with Rituximab therapy 
include a burning sensation, excessive tearing (lacrimation), con-
junctivitis, and in some instances, vision decrease or loss [28-30].

Cetuximab is a monoclonal antibody that targets the epider-
mal growth factor receptor (EGFR), a protein overexpressed in 
cancer cells. Cetuximab is indicated for colorectal cancer with 
metastases, non-small cell lung cancer with metastases, and head 
and neck cancer with metastases by inhibiting tumor growth and 
the development of  metastases. Bilateral corneal erosions have 
been reported in colorectal cancer patients treated with cetux-
imab [30, 31].

Bevacizumab, another monoclonal antibody, acts by inhibiting 
vascular endothelial growth factor (VEGF). It is usually used in 
combination with other antineoplastic drugs in the treatment of  
advanced colorectal cancer or with metastases, advanced lung 
cancer or metastases other than the one with small cells, ad-
vanced kidney cancer and/or metastatic, in stage four glioma, 
relapsed or metastatic cervical cancer, and advanced liver cancer 
[32, 33]. While cases of  ocular hyperemia at the ocular surface 
have been reported, adverse reactions in the posterior pole of  the 
eye are of  greater significance [33].

7. Drugs targeting signal transduction  

Everolimus is a drug used in the prevention of  transplant re-
jection but also in malignant tumors. Thus it has indications in 
breast cancer HER 2 negative, pancreatic cancer, gastrointesti-
nal neuroendocrine tumors, and advanced kidney cancer [34].

Vemurafenib is indicated in advanced melanoma with unre-
sectable or metastatic BRAF mutation. There is a risk of  de-
veloping skin cancers with squamous cells. Intense photosen-
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sitization has been described as a secondary ophthalmological 
reaction to this drug. Additionally, cases of  uveitis and retinal 
vein occlusion have been reported. Patients should be moni-
tored during treatment with this medicine in order to quickly 
notice the appearance of  such an ophthalmological side effect 
and to be able to intervene timely. [35-38].

CONCLUSION

Chemotherapeutic drugs act mainly on cancer cells that divide 
rapidly but can also affect normal cells in the body, leading to side 
effects that should not be overlooked. Even if  significant progress 
has been made in developing antineoplastic medication, mortali-
ty due to cancer is still increased, the second after cardiovascular 
diseases.

The delicate homeostasis of  the ocular surface is affected by 
the cytotoxicity of  these drugs, as evidenced by numerous report-
ed cases in the specialized literature. Factors such as dosage, rate 
of  administration, cumulative dose, and method of  drug delivery 
have been shown to influence the occurrence, frequency, and in-
tensity of  ocular adverse effects.

The ophthalmologist must also be a part of  the oncology 
patient's team. Oncology patients must undergo ophthalmolo-
gy consultations before initiating antineoplastic treatment and 
regularly during treatment. This allows the ophthalmologist to 
promptly manage any adverse ophthalmological reactions that 
would decrease the patient's quality of  life. It is important to note 
that most ocular side effects are temporary and resolve after dis-
continuing antineoplastic treatment.

Reporting every adverse ophthalmological reaction during 
chemotherapeutics is essential to accurately analyze these drugs.

ACKNOWLEDGMENTS

Conflict of interest
The authors declare no conflict of  interest. 

Authorship
EAS, RCI and GI designed the  article. EAS, APC and RCI  

searched the databases and reviewed the literature. EAS and RCI 
wrote the first draft of  the manuscript. GI critically revised the 
manuscript. All authors read and approved the final version of  
the manuscript.

REFERENCES

1. Singh P, Singh A. Ocular adverse effects of  Anti-cancer Chemotherapy. J Cancer 
Ther Res 2012;1:5. https://doi.org/10.7243/2049-7962-1-5. 

2. Leonard GD, Wright MA, Quinn MG, Fioravanti S, Harold N, Schuler B, Thomas 
RR, Grem JL. Survey of  oxaliplatin-associated neurotoxicity using an interview-
based questionnaire in patients with metastatic colorectal cancer. BMC Cancer. 2005 
Sep 16;5:116. doi: 10.1186/1471-2407-5-116.

3. Jack MK, Hicks JD. Ocular complications in high-dose chemoradiotherapy and 
marrow transplantation. Ann Ophthalmol. 1981 Jun;13(6):709-11

4. Kende G, Sirkin SR, Thomas PR, Freeman AI. Blurring of  vision: a previously 
undescribed complication of  cyclophosphamide therapy. Cancer. 1979 Jul;44(1):69-
71. doi: 10.1002/1097-0142(197907)44:1<69::aid-cncr2820440113>3.0.co;2-o

5. al-Tweigeri T, Nabholtz JM, Mackey JR. Ocular toxicity and cancer chemotherapy. 
A review. Cancer. 1996 Oct 1;78(7):1359-73. doi: 10.1002/(SICI)1097-
0142(19961001)78:7<1359::AID-CNCR1>3.0.CO;2-G

6. Stevens A, Spooner D. Lacrimal duct stenosis and other ocular toxicity associated 
with adjuvant cyclophosphamide, methotrexate and 5-fluorouracil combination 

chemotherapy for early stage breast cancer. Clin Oncol (R Coll Radiol). 
2001;13(6):438-40. doi: 10.1053/clon.2001.9308

7. Choonara IA, Overend M, Bailey CC. Blurring of  vision due to ifosfamide. Cancer 
Chemother Pharmacol. 1987;20(4):349. doi: 10.1007/BF00262591.

8. Schmid KE, Kornek GV, Scheithauer W, Binder S. Update on ocular complications 
of  systemic cancer chemotherapy. Surv Ophthalmol. 2006 Jan-Feb;51(1):19-40. doi: 
10.1016/j.survophthal.2005.11.001

9. Brink HM, Beex LV. Punctal and canalicular stenosis associated with systemic 
fluorouracil therapy. Report of  five cases and review of  the literature. Doc 
Ophthalmol. 1995;90(1):1-6. doi: 10.1007/BF01203288. 

10. Waikhom B, Fraunfelder FT, Henner WD. Severe ocular irritation and corneal 
deposits associated with capecitabine use. N Engl J Med. 2000 Sep 7;343(10):740-1. 
doi: 10.1056/NEJM200009073431015

11. Fishman ML, Bean SC, Cogan DG. Optic atrophy following prophylactic 
chemotherapy and cranial radiation for acute lymphocytic leukemia. Am J 
Ophthalmol. 1976 Oct;82(4):571-6. doi: 10.1016/0002-9394(76)90544-4..

12. Margileth DA, Poplack DG, Pizzo PA, Leventhal BG. Blindness during remission in two 
patients with acute lymphoblastic leukemia: a possible complication of  multimodality 
therapy. Cancer. 1977 Jan;39(1):58-61. doi: 10.1002/1097-0142(197701)39:1<58::aid-
cncr2820390111>3.0.co;2-5

13. Rollins KD, Lindley C. Pemetrexed: a multitargeted antifolate. Clin Ther. 2005 
Sep;27(9):1343-82. doi: 10.1016/j.clinthera.2005.09.010

14. Kraut EH, Bouroncle BA, Grever MR. Pentostatin in the treatment of  advanced hairy 
cell leukemia. J Clin Oncol. 1989 Feb;7(2):168-72. doi: 10.1200/JCO.1989.7.2.168.

15. Damascelli B, Cantù G, Mattavelli F, Tamplenizza P, et al. Intraarterial chemotherapy 
with polyoxyethylated castor oil free paclitaxel, incorporated in albumin nanoparticles 
(ABI-007): Phase I study of  patients with squamous cell carcinoma of  the head 
and neck and anal canal: preliminary evidence of  clinical activity. Cancer. 2001 
Nov 15;92(10):2592-602. doi: 10.1002/1097-0142(20011115)92:10<2592::aid-
cncr1612>3.0.co;2-4

16. Chen YM, Shih JF, Perng RP, Tsai CM, Whang-Peng J. A randomized trial of  
different docetaxel schedules in non-small cell lung cancer patients who failed previous 
platinum-based chemotherapy. Chest. 2006 Apr;129(4):1031-8. doi: 10.1378/
chest.129.4.1031

17. Sulkes A, Smyth J, Sessa C, Dirix LY, et al. Docetaxel (Taxotere) in advanced gastric 
cancer: results of  a phase II clinical trial. EORTC Early Clinical Trials Group. Br J 
Cancer. 1994 Aug;70(2):380-3. doi: 10.1038/bjc.1994.310.

18. Esmaeli B, Hidaji L, Adinin RB, Faustina M, et al. Blockage of  the lacrimal drainage 
apparatus as a side effect of  docetaxel therapy. Cancer. 2003 Aug 1;98(3):504-7. doi: 
10.1002/cncr.11527

19. Esmaeli B, Valero V. Epiphora and canalicular stenosis associated with adjuvant 
docetaxel in early breast cancer: is excessive tearing clinically important? J Clin Oncol. 
2013 Jun 10;31(17):2076-7. doi: 10.1200/JCO.2012.47.5897

20. Esmaeli B, Ahmadi MA, Rivera E, Valero V, et al. Docetaxel secretion in 
tears: association with lacrimal drainage obstruction. Arch Ophthalmol. 2002 
Sep;120(9):1180-2.

21. Esmaeli B, Hortobagyi GN, Esteva FJ, Booser D, et al. Canalicular stenosis secondary 
to weekly versus every-3-weeks docetaxel in patients with metastatic breast cancer. 
Ophthalmology. 2002 Jun;109(6):1188-91. doi: 10.1016/s0161-6420(02)00989-2

22. Stoicescu EA, Burcea M, Iancu RC, Zivari M, et al. Docetaxel for breast cancer 
treatment-side effects on ocular surface, a systematic review. Processes (Basel) 
2021;9:1086. https://doi.org/10.3390/pr9071086.

23. Imperia PS, Lazarus HM, Lass JH. Ocular complications of  systemic cancer 
chemotherapy. Surv Ophthalmol. 1989 Nov-Dec;34(3):209-30. doi: 10.1016/0039-
6257(89)90105-7. 

24. Sethi VS, Jackson DV Jr, White DR, Richards F 2nd, et al. Pharmacokinetics of  
vincristine sulfate in adult cancer patients. Cancer Res. 1981 Sep;41(9 Pt 1):3551-5..

25. Vizel M, Oster MW. Ocular side effects of  cancer chemotherapy. Cancer. 1982 
May 15;49(10):1999-2002. doi: 10.1002/1097-0142(19820515)49:10<1999::aid-
cncr2820491009>3.0.co;2-b

26. Kaiser-Kupfer MI, Lippman ME. Tamoxifen retinopathy. Cancer Treat Rep. 1978 
Mar;62(3):315-20. 

27. Pavlidis NA, Petris C, Briassoulis E, Klouvas G, et al. Clear evidence that 
long-term, low-dose tamoxifen treatment can induce ocular toxicity. A 
prospective study of  63 patients. Cancer. 1992 Jun 15;69(12):2961-4. doi: 
10.1002/1097-0142(19920615)69:12<2961::aid-cncr2820691215>3.0.co;2-w.

28. De A, Ansari A, Sharma N, Sarda A. Shifting Focus in the Therapeutics of  
Immunobullous Disease. Indian J Dermatol. 2017 May-Jun;62(3):282-290. doi: 
10.4103/ijd.IJD_199_17

29. Center for Drug Evaluation, Research. FDA D.I.S.C.O. Burst Edition: FDA approvals 
of  Rituxan (rituximab) plus chemotherapy for pediatric cancer indications, and 
Keytruda (pembrolizumab) for adjuvant treatment of  Stage IIB or IIC melanoma. 
US Food and Drug Administration n.d. Available from: https://www.fda.gov/
drugs/resources-information-approved-drugs/fda-disco-burst-edition-fda-approvals-
rituxan-rituximab-plus-chemotherapy-pediatric-cancer

30. Rituximab prescribing information. Available from: https://www.accessdata.fda.
gov/drugsatfda_docs/label/2010/103705s5311lbl.pdf

31. Foerster CG, Cursiefen C, Kruse FE. Persisting corneal erosion under cetuximab 
(Erbitux) treatment (epidermal growth factor receptor antibody). Cornea. 2008 
Jun;27(5):612-4. doi: 10.1097/ICO.0b013e318166f483.



821

JOURNAL of MEDICINE and LIFE

© 2023 JOURNAL of  MEDICINE and LIFE. VOL: 16 ISSUE: 6 JUNE 2023

36. Garbe C, Eigentler TK. Vemurafenib. Recent Results Cancer Res. 2018;211:77-89. 
doi: 10.1007/978-3-319-91442-8_6.

37. Ravnan MC, Matalka MS. Vemurafenib in patients with BRAF V600E mutation-
positive advanced melanoma. Clin Ther. 2012 Jul;34(7):1474-86. doi: 10.1016/j.
clinthera.2012.06.009.

38. Keating GM. Vemurafenib: in unresectable or metastatic melanoma. BioDrugs. 2012 
Oct 1;26(5):325-34. doi: 10.2165/11209860-000000000-00000.

32. Bevacizumab  prescribing  information. Available from: https://www.accessdata.fda.
gov/drugsatfda_docs/label/2009/125085s0169lbl.pdf

33. Taugourdeau-Raymond S, Rouby F, Default A, Jean-Pastor MJ; French Network of  
Pharmacovigilance Centers. Bevacizumab-induced serious side-effects: a review of  
the French pharmacovigilance database. Eur J Clin Pharmacol. 2012 Jul;68(7):1103-
7. doi: 10.1007/s00228-012-1232-7

34. Afinitor prescribing information. Available from: https://www.accessdata.fda.gov/
drugsatfda_docs/label/2010/022334s6lbl.pdf

35. Zelboraf  prescribing information. Available from: https://www.accessdata.fda.gov/
drugsatfda_docs/label/2017/202429s012lbl.pdf


